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ABSTRACT
Background: Adjustable nylon ties polyamide 6.6 is devices produced from the same material of surgical nylon wire and 
have been used in different surgical procedures in small animals and in human patient. Reports regarding the use of these 
devices as secondary fixation technique of femoral diaphyseal fractures in animals are rare in the literature. The aim of 
the present report case was to describe the use of adjustable nylon tie polyamide 6.6 as secondary fixation technique in a 
3-year-old dog and 4-month-old cat, diagnosed with femoral diaphyseal fractures.
Cases: Case 1. A 3-year-old female dog was presented with reluctance to support the left hind limb, with 5 days’ duration. 
Pain and edema on the left femoral diaphyseal region was identified. The limb was submitted to radiographic exam and 
revealed a closed, complete and comminuted fracture of the diaphysis of the femur, and was decided to perform a surgical 
stabilization by open reduction through primary fixation with intramedullary pin, and secondary fixation of bone frag-
ments with adjustable nylon ties polyamide 6.6, as a substitute of steel cerclage wire. The bone fragments were alignment 
and fixated with five polyamide nylon ties. The excess was removed with a scalpel blade along the lock. Seven days after 
surgery the skin sutures were removed and were observed reluctance to support the left hind limb. Physiotherapy sessions 
were prescribed. Forty days after the surgery was performed a radiographic exam of the left hind limb which revealed 
alignment of the bone axis. Six months after the surgery, the owner reported that the dog supported the left hind limb. 
Case 2. A 4-month-old female cat was presented with history of trauma, with 24 h’s duration, and reluctance in supporting 
the left hind limb. On physical examination there was identified pain on the left femoral diaphyseal region. Radiographic 
examination revealed a closed, complete and simple fracture of the diaphysis of the femur, and a surgical stabilization 
through primary fixation with intramedullary pin, and secondary fixation with three polyamide nylon ties was performed. 
Seven days after the surgery were observed reluctance to support the left hind limb. Three months after the surgery, the 
owner was contacted and he reported that the cat was supported the limb.
Discussion: Adult dogs are more susceptible to diaphyseal fractures and so does the dog in the present report. On the 
other hand, young cats present high metaphyseal fracture rates due to the metaphyseal growth plate. However, the cat in 
the present report was different since it was 4-month-old and presented diaphyseal fracture. Different from steel cerclage 
wires, polyamide nylon ties were used as secondary fixation in diaphyseal fractures for the reason that of their stability in 
this kind of fracture, no tissue reaction and minimal tissue trauma. The adjustable nylon ties polyamide 6.6 were already 
used in different surgical procedures in human patients and animals. Complications reported in the literature due to their 
use were associated with erroneous surgical techniques. Adjustable nylon ties polyamide 6.6 proved to be efficient as bone 
cerclage device in diaphyseal multiple and simple fracture, as well as gave stability to the herein assessed adult dog and 
young cat, besides not inducing foreign body reactions.
Keywords: small animals, polyamide, bones, cerclage, surgery.
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INTRODUCTION
Fractures are defined as total or partial bone 
or cartilage loss, which could be followed by several 
degrees of soft tissue injury [11]. Fracture reduction 
can be achieved through different surgical techni-
ques, although the open reduction technique is the 
most effective one [24]. Orthopedic surgical implants 
include intramedullary pins, Kirschner wires, ortho-
pedic screws and steel cerclage wire, which is used to 
improve the stability of the fracture after the primary 
fixation and to provide interfragmentary static com-
pression [24]. On the other hand, the erroneous use of 
steel cerclage wires can lead to local vascular injuries; 
to bone, nervous and connective tissue impairment; and 
to late callus formation [24].
Adjustable nylon ties are devices produced 
from the same material of surgical nylon wire, polyami-
de 6.6 [19,21,30] and can be sterilized in the autoclave 
without loose the tensile strength [1,25,27]. This device 
have been used in different surgical procedures of soft 
tissues in small animals [1,4,5,9,15,17,25,27,29]; or-
thopedic surgical procedures in human patient [22,28] 
and in small animals [10,16]. Reports regarding the 
use of the polyamide nylon tie as secondary fixation 
technique of femoral diaphyseal fractures in dogs and 
cats are rare in the literature [3,6,8]. However, there is 
no report in the literature concerning using this device 
in fractures in cats. The authors aim to describe the use 
of an adjustable nylon tie polyamide 6.6 as a secondary 
fixation technique in a 3-years-old dog and 4-months-
-old cat, diagnosed with femoral diaphyseal fractures.
CASES
Case 1. A 3-year-old non intact female cross 
breed dog, weighing 15 kg was presented to the Vete-
rinary Hospital, SP, Brazil, with difficulty to support 
the left hind limb, with 5 days’ duration. According to 
the owner, the dog had been run over by car, but no 
therapeutic protocol had been done so far. Water and 
food intake was not unsettled, and urine and feces were 
normal. On physical examination there was identified 
pain and edema on the left femoral diaphyseal region. 
The remainder of the physical examination was within 
normal. Blood was collected from the external jugular 
vein, and placed in a plastic tube containing anticoa-
gulant (EDTA) for the complete blood count (CBC); 
and placed in another plastic tube without anticoa-
gulant and serum where used to serum biochemical 
examination (alanine aminotransferase - ALT, urea, 
creatinine and creatine kinase - CK). Complete blood 
count, serum biochemical (ALT, urea and creatinine) 
and urinalysis were within normal limits. Creatine 
kinase (CK) remained above the reference values (176 
UI/L, reference value: 1.15 - 28.40 UI/L).
The left hind limb was subjected to radiogra-
phic examination on mediolateral and craniocaudal 
view in an X-ray machine (CRX DM 125®)1. The X-ray 
revealed a closed, complete and comminuted fracture 
of the diaphysis of the femur with oblique fracture of 
the distal fragment and two fragments with longitudinal 
fracture (Figure 1).
According to radiographic examinations it was 
decided to perform a surgical stabilization through pri-
mary fixation with intramedullary pin and secondary 
fixation of bone fragments with adjustable nylon ties 
polyamide 6.6, as a substitute of steel cerclage wire. 
The owner signed the surgery commitment term to 
allow the surgical procedure and the use of polyamide 
nylon ties. The dog was medicated with 30,000 UI kg-1 
subcutaneously of penicillin (benzatinbenzilpenicillin, 
procain benzilpenicillin and potassicbenzilpenicillin) 
(Pentabiótico®)2 and premedicated with 4.4 mg kg-1 
subcutaneously of carprofen (Rimadyl®)3, 0.3 mg kg-1 
subcutaneously of morphine (Dimorf®)4 and 0.05 mg kg-1 
intramuscularly of acepromazine (Acepran®)5. Anaesthe-
sia was induced with 2.5 mg kg-1 intravenous of propofol 
(Diprivan®)6 and maintained with isoflurane (Forane®)7.
The dog was placed in right lateral recumbence 
and an open reduction of the fracture was performed 
through lateral approach of the femur [24], and an in-
tramedullary pin was introduced in retrograde direction. 
The bone fragments were alignment and fixated with 
five adjustable nylon ties polyamide 6.6 [length - 381 
mm; width 4.9 mm; minimal traction system - 22.6 kg; 
minimal tension 54.4 kgf (Abraçadeira de nylon®)8], 
with the lock positioned in lateral position (Figure 2A). 
Nylon ties adjustments were performed with hemostat 
clamp Kelly and the distance between them were de-
pended on the position of the fragments. The excess was 
removed with a scalpel blade along the lock. (Figure 
2B). Finally, the muscular layer and skin edges were 
sutured. The nylon tie was sterilized in autoclave, 121°C 
for 30 min [26] previously the surgical procedure.
Radiographic examination of the left hind limb 
on mediolateral and craniocaudal view was performed 
immediately after the surgery and revealed bone axis 
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alignment, presence of intramedullary pin, gas between 
soft tissues, and fracture and bone fragments coapta-
tion (Figure 3). The dog recovered uneventfully from 
surgery, and was prescribed 15 mg kg-1 TID orally for 
4 days of dipyrone (Dipirona Sódica®)9; 4.4 mg kg-1 
SID orally for 5 days of carprofen (Rimadyl®)10; 1 mg 
kg-1 TID orally for 4 days of tramadol hydrochloride 
(Tramal®)11; and 25 mg kg-1 BID orally for 15 days of 
cephalexin (Keforal®)12. At the recheck examination 
seven days after surgery the skin sutures were removed 
and were observed difficulty to support the left hind 
limb. The CBC, ALT, creatinine and CK was within 
normal limits, and no alterations were observed on the 
physical examination. Physiotherapy sessions were 
prescribed. The owner did not report any physiolo-
gical alteration 20 days after surgery, and it is worth 
highlighting that physical rest and physiotherapy were 
not attended. The dog avoided supporting the left 
hind limb during the physical examination, but there 
were no signs of local infection. Forty days after the 
surgery was performed a radiographic exam of the left 
hind limb which revealed alignment of the bone axis, 
irregular lamellar bone proliferation on the fracture 
focus. The cortical bone was thickness and fracture 
lines were visible (Figure 4). The dog was partially 
to supporting the limb. Six months after the surgery, 
the owner was contacted by telephone for the recheck 
appointment and radiographic examination. He was 
unable to return to the Veterinary Hospital to perform 
the exams; however he reported absence of any abnor-
mality, and the dog was totally capable of supporting 
its left hind limb.
Case 2. A 4-month-old intact female cross 
breed cat, weighing 1.5 kg was presented to the same 
Veterinary Hospital with history of trauma, with 24 
hour´s duration. The main clinical sign was avoiding 
supporting the left hind limb, and no therapeutic 
protocol had been done. Water and food intake was 
decreased, and urine and feces were normal. On 
physical examination there was identified pain on the 
left femoral diaphyseal region. The remainder of the 
physical examination was within normal. Blood was 
collected from the external jugular vein, and used to 
perform CBC, ALT, creatinine and CK exams, and was 
within normal limits. The left hind limb was subjected 
to radiographic examination on mediolateral and cra-
niocaudal view in X-ray machine (CRX DM 125®)1. 
The X-ray revealed a longitudinal closed, complete 
and simple fracture of the diaphysis of the femur and 
medullar exposition area (Figure 5). The decision was 
made to perform surgical stabilization through prima-
ry fixation with an intramedullary pin and secondary 
fixation with adjustable nylon ties polyamide 6.6. The 
owner signed the same surgery term of dog’s case.
The cat was medicated with 30,000 UI kg-1 
subcutaneously of penicillin [benzatinbenzilpenicillin, 
procain benzilpenicillin and potassicbenzilpenicillin 
(Pentabiótico®)2], and premedicated with 0.3 mg kg-1 
subcutaneously of morphine (Dimorf®)4, 0.05 mg kg-1 
intramuscularly of acepromazine (Acepran®)5 and 0.5 
mg kg-1 intravenously of diazepam (Diazepam®)13. 
Anaesthesia was induced with 2.5 mg kg-1 intravenous-
ly of propofol (Diprivan®)6 and maintained with isoflu-
rane (Forane®)7. The surgical technique was similar to 
dog´s case. However, only three adjustable nylon ties 
polyamide 6.6 [length - 381 mm; width - 4.9 mm; mi-
nimal traction system 22.6 kg; minimal tension - 54.4 
kgf (Abraçadeira de nylon)8] were used. The limb was 
subjected to radiographic examination on mediolateral 
and craniocaudal view right after the surgery, which 
depicted bone axis alignment, intramedullary pin, gas 
between soft tissues and the coaptation of fracture 
fragments (Figure 6).
After the cat recovered from surgery, was 
prescribed 1 mg kg-1 BID orally for 4 days of cetopro-
feno (Ketoflex®)14; 0.5 mg kg-1 TID orally for 4 days 
of tramadol hydrochloride (Tramal®)11; and 20 mg 
kg-1 BID orally for 10 days of amoxicillin suspension 
(Amoxil®)15. Seven days after, the skin sutures were 
removed, and were observed difficulty to support the 
left hind limb. The CBC and ALT and creatinine were 
within normal limits. Three months after the surgery, 
the owner was contacted through telephone to perform 
the radiographic exam, but did not show at the recheck 
appointment, although, reported that the cat already 
supported the limb normally.
DISCUSSION
The two cases in the present report described the 
use of adjustable nylon ties polyamide 6.6 in the secon-
dary fixation of multiple and simple femoral diaphyseal 
fracture in a dog and young cat, respectively. Few reports 
regarding the use of the adjustable nylon ties polyamide 
6.6 bands as a secondary fixation technique of femoral 
fractures in dogs and cats are found in the literature. The 
elevated values of CK of dog were related with muscle 
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trauma. On the other hand, no alterations of CK values 
were observed in the cat, probably due to the shorter 
time between trauma and hospital care.
Adult dogs are more susceptible to diaphyseal 
fractures, which are mainly caused by trauma resulting 
from car running over [11,23,24] similar to the herein 
reported case. However, higher metaphyseal fracture 
rates are reported for young subjects due to the me-
taphyseal growth plate [23,24]. Although, the cat in 
the present report was 4 months old and presented 
diaphyseal fracture.
Femoral diaphyseal fractures caused by trauma 
represent approximately 20% to 25% of the total num-
ber of fractures recorded during veterinary medicine 
routines [11,24]. They are treated through different 
surgical techniques that include intramedullary pins, 
external skeletal fixators, bone screws, orthopedic pla-
tes, Kirschner wires, steel cerclage wires, among others 
[2,12,24]. Device with locking mechanisms similar to 
the polyamide nylon ties and made from polydioxanone 
already exists [13]. However, in Brazil is not available, 
and it gets expensive to order; and on the other hand, 
the absorbable surgical material could be lead a loose 
in fracture focus unleashing a decreased or absence of 
bone instability and increasing the time of the remode-
ling time. With regard to the present cases, the choice 
was made to use the adjustable nylon ties polyamide 
6.6 for secondary fixation in the diaphyseal fractures 
due to their stability in this kind of fracture, no tissue 
reaction and because they induce minimal tissue trau-
ma; different from steel cerclage wires [10,16]. Fur-
thermore, the chances of steel wire cerclage loosening 
after it is used in fracture stabilization are higher than 
adjustable nylon ties, since the lock system of the nylon 
ties stops the loosening occurrence [14], as seen in the 
present case report. The use of adjustable nylon ties to 
replace steel cerclage wire was explained to the owner 
and he authorized the surgery by signing the consent 
form. This procedure is necessary when devices under 
study are supposed to be used in the surgical protocol.
Figure 1. Radiographic exam of the femur and proximal region of tibia of 
the left hind limb (200 mA, 70 kV - mediolateral view) of a cross breed 
dog, 3-year-old, 15 kg of body mass, showing a closed, complete and 
comminuted fracture of the diaphysis of the femur with oblique fracture 
of the distal fragment and two fragments with longitudinal fracture; and 
medullar exposition in the middle third of the femur and increase of the 
surrounding soft tissue.
Figure 2. Photography from the transoperatory of femoral osteosynthesis in cross breed dog, 3-year-old, 15 kg of body mass, diagnosed with a closed, 
complete and comminuted fracture. A- Lateral placement of adjustable nylon ties polyamide 6.6 bands (length - 381 mm; width 4.9 mm; minimal trac-
tion system - 22.6 kg; minimal tension 54.4 kgf) [white arrow] on the fragments. B- Adjustable nylon ties polyamide 6.6 bands after excess has been 
removed with a scalpel blade along the band´s lock [white circle].
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Figure 3. Radiographic exam of the femur and proximal region of tibia of 
the left hind limb (200 mA, 70 kV - mediolateral view) of a cross breed 
dog, 3-year-old, 15 kg of body mass, immediately after the surgery, show-
ing bone axis alignment, presence of intramedullary pin, gas between soft 
tissues, and fracture and bone fragments coaptation [black rectangle].
Figure 4. Radiographic exam of the femur and proximal region of tibia of 
the left hind limb (200 mA, 70 kV - mediolateral view) of a cross breed 
dog, 3-year-old, 15 kg of body mass, forty days after the surgery, showing 
bone axis alignment, irregular lamellar bone proliferation on the fracture 
focus, cortical bone thickness and fracture lines visible [black rectangle].
Figure 5. Radiographic exam of the femur and tibia of the left hind limb 
(200 mA, 70 kV - mediolateral view) of a cross breed cat, 4-month-old, 
1.5 kg of body mass, revealing a longitudinal, closed, complete and simple 
fracture of the diaphysis of the femur and medullar exposition area.
Figure 6. Radiographic exam of the femur and proximal region of tibia of 
the left hind limb (200 mA, 70 kV - mediolateral view) of a cross breed cat, 
4-month-old, 1.5 kg of body mass, immediately after the surgery, showing 
bone axis alignment, presence of intramedullary pin, gas between soft tis-
sues, and fracture fragments coaptation [black rectangle].
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The veterinary community reports the use of 
such devices as an act of negligence to the animal [19]. 
Nevertheless, adjustable nylon ties polyamide 6.6 was 
already used in different surgical procedures [7,31], in-
cluding orthopedic surgeries, applied to human [22,28]. 
Complications reported in the literature [4,18,20,32] due 
to the use of polyamide nylon ties were associated with 
erroneous surgical techniques. Their use in surgeries 
procedures must follow the correct surgical technique 
and they have to be sterilized in the autoclave before 
their use; tensile strength losses were not recorded after 
sterilization [19,21,25]. Orthopedic complications asso-
ciated with the use of adjustable nylon ties in dogs were 
reported [4]. Nonetheless, these complications have been 
associated with erroneous surgical techniques, since the 
polyamide nylon ties were used for secondary fixation 
in all the reported cases, even when the fractures did not 
demand any bone cerclage.
Different from the steel cerclage wire, the 
polyamide nylon ties was easy and quick application, 
and able to adjust into the fracture focus and allowed 
performing readjustments without breaking [16].
The use of adjustable nylon ties in association 
with an intramedullary pin as bone cerclage in femur 
oblique fractures in 12 rabbits was performed [6]. The 
authors observed a bone remodeling within 28 days 
after surgery, as well the absence of foreign body reac-
tion and bone histological changes. It was not possible 
to conduct any histological study in the present study, 
since the owners did not authorize it.
Efficacy, stabilization and complications of 
using adjustable nylon ties and steel wire cerclage in 
mandibular symphysis fractures in 12 adult cats were 
performed [10], and were observed the viability of 
using this device. The use of polyamide nylon ties in 
mandibular symphysis allowed a strong fixation and 
bone remodeling. In conclusion, the use of adjustable 
nylon ties polyamide 6.6 as bone cerclage device in 
diaphyseal multiple and simple fractures in adult dog 
and in young cat assessed in the present case proved to 
be efficient and to provide fracture stability, besides not 
inducing foreign body reactions. More studies regarding 
to efficiency of adjustable nylon ties polyamide 6.6 ban-
ds as bone cerclage device in fracture must be conduct.
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